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ABSTRACT 

The f lowchart ing program AUTODIAGRAM i s  now running 
on t h e  UNIVAC 1108. AUTODIAGRAM draws f lowchar t s  d i r e c t l y  from 
FORTRAN source code, and/or UNIVAC assembly language source code, 
and/or PERT or PERT-like d a t a  cards ,  ’l’his memorandum descr ibes  
the f e a t u r e s  of AUTODIAGRAM a v a i l a b l e  i n  the  UNIVAC 1108 vers ion ,  
and g ives  examples f o r  t y p i c a l  RUN se tups .  
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SUBJECT: AUTODIAGRAM Version f o r  WIVAC 1108 - DATE: December 15, 1967 
Case 803 

FROM: Mrs. G. I .  Hain 

MEMORANDUM FOR FILE 

INTRODUCTION 

The flowcharting program AUTODIAGRAM i s  now a v a i l a b l e  
f o r  the  UNIVAC 1108. A U T u D I A G ~ i v i  d i sp l ays  tne i o g i c a l  s i ;ructur*e 
of computer programs d i r e c t l y  from the  FORTRAN source code, 
and/or assembly language source code, and/or PERT networks 
f rom PERT or PERT-like data  cards.  
a d i r ec t ed  graph cons i s t ing  o f  elements (boxes) and t h e i r  
connections ( l i n e s ) .  Loops a re  represented by repea t ing  the  
loop  entrance element a t  t he  end of t he  loop a s  "loop end element".  

The r e s u l t i n g  flowchart  i s  

The p a r t  of AUTODIAGRAM which arranges t h e  elements 

It i s  converted from the  IBM 7040 and p a r t  of i t  
and s t p t h e i r  g raphica l  d i sp lay  i s  the  same as  descr ibed 
i n  1 ~ g , 3 y 8 .  

from the  IBM 360 version.  
t o  expand the  FORTRAN scan t o  FORTRAN V, t o  include the  UNIVAC 
assembly language and t o  read CUR f i l e s .  

The source input  scan has been a l t e r e d  

T h i s  memorandum describes the  f e a t u r e s  of AUTODIAGRAM 
T h i s  i s  followed by and gives  examples f o r  t yp ica l  RUN se tups .  

a desc r ip t ion  of t he  opt ion parameters and by a desc r ip t ion  of 
the  scanning process for the  d i f f e r e n t  input  types toge ther  w i t h  
t h e i r  s p e c i f i c  op t ions .  

1. G.  Hain, K.  Hain, "An Automatic Flowchart Design", Proc. 
of ACM, Cleveland, Ohio, 1965. 

2 .  G.  Hain, K.  Hain, "An AUTO-DIAGRAMMER", NASA Technical 
Memorandum, NASA TM X-1317. 

3. G.  Hain, "A BCMSYS Program f o r  Generating Flowcharts" - 

4. 

Bellcomm - Memorandum f o r  F i l e ,  Case 803, July 12, 1967. 

F l i g h t  Center, Greenbelt ,  Md., May, 1967. 
K.  Hain, "AUTODIAGRAM f o r  System 360", NASA Goddard Space 



BELLCOMM. fNC.  - 2 -  

AUTODIAGRAM FEATURES 

AUTODIAGRAM draws flowcharts from a source deck( s )  , 
which can be a f i l e  i n  CUR format, o r  a card  deck, and i s  one 
of t h e  fo l lowing  types :  

FRTRA - FORTRAN I V  o r  FORTRAN V source decks 
UNIV - UNIVAC assembly language 
PERT5 - Normal PERT da ta  cards  
PERT7 - NASA PERT da ta  cards 
L O G I C  - Element  names aiid connection iiiatrix given on data 

cards  

The r e s u l t  of t h e  source deck a n a l y s i s  c o n s i s t s  of  t he  
l i s t i n g  of t h e  inpu t ,  t h e  c ross - re ference  t a b l e  and t h e  f lowchar t  
depending on t h e  output  opt ion:  

No  s p e c i f i c a t i o n  - flowchart  on t h e  l i n e  p r i n t e r  
CUBIC - flowchart  on the  SC-4020 p l o t t e r ,  

PLOT - flowchart  on t h e  SC-4020 p l o t t e r ,  

PRINT - Only the  above mentioned l i s t i n g  and 

r ec t angu la r  connection l i n e s  

diagonal connection l i n e s  

t h e  c ross - re ference  t a b l e ,  no f lowchar t  

No f u r t h e r  s p e c i f i c a t i o n  i s  needed to draw a flow- 
B u t  AUTODIAGRAM has f e a t u r e s  which a r e e s p e c i a l l y  use fu l  ' char t .  

f o r  l a r g e r  programs, say  more than 200 elements,  and f o r  those  
w i t h  a complicated loop s t r u c t u r e  (many nes ted  l o o p s ) .  For such 
programs AUTODIAGRAM has the  a d d i t i o n a l  a b i l i t i e s  to d i s p l a y  
s e l e c t e d  p a r t s  o f  t he  flowchart  and/or to draw a con t r ac t ed  flow- 
c h a r t  by s e t t i n g  one o f  t he  modif icat ion parameters.  

LOOP - Contract  each loop  t o  one element and d i s p l a y  
t h e  conten ts  o f  the loop a s  a h ighe r  l e v e l  
f lowchart  p a r t .  
a h i e r a r c h i c a l  order ,  t h e  innermost loop has 
t h e  h ighes t  l e v e l .  
AUTODIAGRAM s p l i t s  t h e  f lowchart  i n t o  subpa r t s  - no t  
exceeding approximately n elements - and s e t s  t h e  
proper i n t e r f a c e s .  

Nested loops a r e  displayed i n  

BREK=n - 

NLOG - AUTODIAGRAM s p l i t s  t h e  f lowchart  i n t o  s u b p a r t s .  
The beginning and end of such a subpar t  have to be 
s p e c i f i e d  by con t ro l  cards .  Those subpar t s  can be 
d isp layed  i n  d e t a i l  and/or cont rac ted  t o  one o p e r a t o r  
element wi th in  the remainder of t h e  f lowchar t .  
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The c o n t r o l  information f o r  AUTODIAGRAM i s  given on 
t h r e e  parameter cards .  They a re :  

1. FLOW$ - s e p a r a t o r  and s p e c i a l  op t ion  card 

2.  A t i t l e  card - i d e n t i f y i n g  t h e  f lowchar t  

3. Input  type and output op t ion  card 

AUTODIAGRAM runs a s  a u se r  program under EXEC 11. 
It can handle up t o  1000 elements and up t o  3000 connections 
between those  elements.  The est imated run t ime c o n s i s t s  of 
CUR opera t ions  involved ( i f  any), loading  AUTODIAGRAM (30  t o  
40 s e e s . ) ,  and t h e  f lowchart ing process  of t h e  source deck which 
depends on s i z e ,  op t ions  and l o g i c  of t he  deck,and needs 2 .to 
4 seconds pe r  i nch  of the source deck. 

RUN SETUP 

AUTODIAGRAM i s  s to red  on FASTRAND under $GIH.A; t h e  
name o f  t h e  MAP element i s  FLOW. The f i r s t  t h r e e  parameter 
cards  f o r  AUTODIAGRAM must  d i r e c t l y  follow t h e  @ XQT FLOW 
card .  If  t h e  inpu t  comes f r o m  the  card r eade r ,  a l l  source 
decks w i l l  be flowcharted under t h e  supe rv i s ion  of  those  
three cards  u n t i l  t he  next th ree  parameter cards  a r e  r ead .  I f  
the  i n p u t  comes f rom a CUR f i l e ,  a l l  decks up to t h e  END of 
FILE of t he  CUR f i l e  a r e  flowcharted.  A f t e r  t h e  END of FILE, 
t h e  card r eade r  i s  inspec ted  f o r  f u r t h e r  parameter ca rds .  

I f  t h e  f lowchart  i s  to be drawn by t h e  SC-4020, a tape 
m u s t  be assigned t o  UNIT J ( l o g i c a l  10) wi th  an ass igned  card .  
The output  i s  d i r e c t l y  acceptable  t o  t h e  SC-4020. The f lowchar t s  
f o r  d i f f e r e n t  decks ( o r  subpar t s )  a r e  sepa ra t ed  by END of FILE 
marks. The convention i s  to ass ign  J=PLOT t o g e t h e r  w i t h  a 
MSG card t o  save t h i s  t ape  f o r  p l o t  ou tpu t .  The ope ra to r  w i l l  then 
r e t u r n  t h e  number of t h e  sc ra t ch  t ape ,  and t h e  use r  m u s t  then 
d e l i v e r  t h e  p l o t  reques t  t o  the d i s p a t c h e r .  (The number of f i l e s  
and t h e  number of frames a r e  p a r t  of t h e  p r i n t  o u t p u t , )  

AUTODIAGRAM may u s e  t h e  l o g i c a l  f i l e  numbers 15, 16, 
17,  18, 19 and 20 ( F i l e  0 ,  P, Q, R, S ,  and T under NTAB$/BCM) 
a s  s c r a t c h  f i l e s .  If o t h e r  work i s  being done under t h e  same 
RUN card ,  those  f i l e s  should be used only a s  s c r a t c h  f i l e s .  

Typical  RUN se tups  a r e  demonstrated i n  t h e  fol lowing 
examples, A complete list of t h e  op t ions  is  given below. 
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1. I n  t h e  f irst  example only t h e  input  type i s  s p e c i f i e d  - 
FRTRA (FORTRAN source deck( s ) )  . 
from t h e  card reader ,  no u n i t  s p e c i f i c a t i o n  is  needed. 
The r e s u l t i n g  f lowchar t ( s )  i s  p r i n t e d ,  no output  s p e c i f i -  
c a t i o n  i s  needed. 
f lowchar t s  a group of FORTRAN source decks. 

The deck( s )  a r e  read  

The fo l lowing  c o n t r o l  card s e t u p  

NOTE: The card  @ FOR NAME, NAME 
i s  no t  p a r t  of the'  FORTRAN source deck, b u t  a c a l l  f o r  
t h e  EXEC I1 FORTRAN compiler, and must  be removed. 
Any @ i n  column 1 on a card te rmina tes  the  program 
i n  execut ion.  

2 .  I n  t h e  next  example, one or more FORTRAN decks a r e  sub- 
m i t t e d  as a CUR f i l e  on t ape  1884. 
AUTODIAGRAM w i l l  f lowchart  a l l  r o u t i n e s  up t o  t h e  END of 
FILE of the CUR f i l e .  A f t e r  reading  t h e  EOF, t he  card  
r eade r  i s  checked f o r  another  s e t  of c o n t r o l  cards .  

Under the  same reques t  

I n  t h i s  example the t a p e  i s  assigned t o  B. Then 
rr2", t h e  l o g i c a l  number of By followed by "," must  be 
given a s  a UNIT on t h e  f lowchar t  c o n t r o l  card 1. On 
t h e  same card t h e  opt ion rrLOOP-rr i s  s p e c i f i e d ,  the r e s u l t -  
i n g  f lowchar t  w i l l  d i sp l ay  the- loops i n  a h i e r a r c h i c a l  
o r d e r .  

The output  opt ion CUBIC i s  punched on parameter 
card  3, s o  t h a t  t he  flowchart  w i l l  be on the SC-4020. 
I n  t h i s  case  a tape  m u s t  be ass igned  t o  f i l e  J. 
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1 RUN FLOW2 ,EX8GIH,2,75 
1 HDG G.1. H A I N  - FOliTRAN DECKS AS A CUR F I L E  O N  TAPE 1 8 8 4  
1 ASG R = 1 8 8 4  
1 MSG P L F A S F  5 A V F  TAPF PLOT AND NOTE THE h!UMBFP FOR ME 
1 ASG J = P L O T  PLOT OlJTPUT SCRATCH 
1 ASG A=SG I HmA AUTODIAGRAM PROGRAM F I L E  
1 XQT CUR 

ERS 
TRW J T B  

I N  A 
1 h' XOT FLOW ELEMENT NAME O F  PROC. YAP 

FI-cI\~'B U N I  T = 2  9 LOOP= 9 

D I S P L A Y  THE LOOPS I N  t i I F R A R C H I C A L  ORDFR, PLOT OUTPUT ON THE SC 4 0 2 0  
F P T F A  TUi?IC 

F I h l  

3. I n  t h e  t h i r d  example th ree  assembly decks a r e  t o  be 
f lowcharted from a CUR f i l e .  The f lowchart  f o r  the f irst  
two i s  t o  be p r i n t e d  (no output  op t ion  is  s p e c i f i e d ) .  The 
f lowchar t  f o r  t h e  t h i r d  r o u t i n e  i s  t o  be drawn by the  
SC-bX,  (CUBIC i s  punched on parameter card  3 of t h e  second 
s e t ) .  Two sets of c o n t r o l  cards  a r e  r equ i r ed .  The 
s e l e c t e d  r o u t i n e s  a r e  w r i t t e n  on a s c r a t c h  f i l e  (D),and 
t h e  t h i r d  r o u t i n e  is  separa ted  by an  EOF. 

Deck 1 and deck 2 a r e  p l o t t e d  by the f i rs t  s e t  of 
f lowchar t  c o n t r o l  cards. 

Af t e r  reading  t h e  EOF, the  next  c o n t r o l  card s e t  
i s  r ead  from t h e  card  reader ,  and deck 3 i s  p l o t t e d .  The 
chosen l o c a t i o n  counter i s  "l", punched a s  LOCT=l, on 
c o n t r o l  card one. 

1 R l J N  FLOW3 EX 8 G I H 9 2 9 7 5 
1 HDG G.1. H A I N  - SELECT ASSEMBLY DECKS F R O M  A CUR F I L E  
1 -  ASG A=SG I Ha A . AUTODIAGRAM PROGRAM F I L E  
1 ASG ~ = i a n o  
1 VSG P L F A S F  SAVE TAPF PLOT AND NOTE THE NUMBER FOR ME 
9 ASG J = P L O T  PLOT OUTPUT SCRATCH 
1 X Q T  CUR 

FRS 
I N  R 
TWR D,CONVRT 
TWR D 9 CHANGE 
T F F  D 
TWR D,LAST 
T E F  D 
TRW D 
ERS 
I N  A 

FLOWS L O C T = l ,  U N I T z 4 ,  
' N  XQT F L Oh/ ELEMENT NAME OF PROC.  MAP 

CONVRT AND CHANGE ARE STORF I N  THF SAME F I L E ,  FLOW CHART ON THE P R I N T E R  
UN I V 
FLPWS IJN I T = 4  L @ C T =  1 9 

L A S T  I S  I N  THE SFCOND F I L E ,  FLOW CHART ON TAPE FOR PLOT. BY S C 4 0 2 0  
U N I V  C U B I C  

1 F I N  
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PARAMETER CARDS AND OPTIONS 

For most programs t h e  s p e c i f i c a t i o n  of t he  input  type 
i s  s u f f i c i e n t .  Eventually the user  w i l l  r eques t  f o r  loop 
a n a l y s i s  ( L O O P ) ,  o r  choose one of t h e  output  op t ions ,  o r  s p e c i f y  
an  inpu t  u n i t ,  o r  c o n t r o l  the  l o c a t i o n  counter  of assembly programs. 
T h i s  i s  gene ra l ly  t r u e  f o r  programs which c o n s i s t  of l e s s  than 
200 t o  300 elements.  B u t  f o r  large o r  l o g i c a l l y  complicated 
programs the  s p e c i a l  s p l i t  a b i l i t i e s  of AUTODIAGRAM a r e  des i r -  
a b l e .  

The e a s i e s t  way t o  s p l i t  a l a r g e  program i n t o  sub-  
p a r t s  i s  t o  s e t  BREK=200,. AUTODIAGRAM s e t s  up the  whole 
l o g i c a l  flow s t r u c t u r e  and s p l i t s  i t  i n t o  subpa r t s  of l e s s  
than 200 elements and sets  the i n t e r f a c e s .  

For s p e c i f i c  app l i ca t ions  ( i  .e. ,  search ing  a connec- 
t i o n  e r r o r ,  d i sp l ay ing  a s p e c i a l  p a r t  of t h e  l o g i c )  i t  may be 
des i rab le  t o  f lowchart  only (and/or suppress )  c e r t a i n  p a r t s  of 
t h e  f lowchar t .  T h i s  can be achieved by p l o t t i n g  f i r s t  t h e  whole 
f lowchar t  and then s e l e c t i n g  the  proper  l i m i t s  f o r  t h e  subpa r t s  
from t h e  f lowchar t .  The lower l i m i t  m u s t  be connected i n  a 
forward d i r e c t i o n  w i t h  t h e  upper l i m i t ,  otherwise AUTODIAGRAM 
w i l l  g ive  a n  e r r o r  message and w i l l  no t  e l imina te  the  subpa r t .  
The name of t h e  lower l i m i t  element ( f o r  FORTRAN pr in ted  under 
t h e  box, otherwise p r i n t e d  above the  box) g ives  the  f i r s t  element 
name on t h e  KEY card .  The name of t he  upper l i m i t  element 
g i v e s  t h e  second name f o r  t h e  KEY card .  N L O G = l ,  d i sp l ay  only  
t h i s  p a r t  of t h e  f lowchar t .  NLOG=2, con t r ac t  t h i s  p a r t  t o  
one element i n  the  f lowchart .  

source  deck i n s i d e  t h e  t a b l e  l i m i t s .  If the  e lement  t a b l e  o r  
t h e  connection ma t r ix  overflows, t h e  program must be d iv ided  by 
"hand" i n t o  smal le r  decks before i t  can be p l o t t e d .  The choice 
of t he  opt ions  depends on the s t r u c t u r e  of the  program and the  
preference of t h e  user .  
w i t h  BREK and/or NLOG, t h e  opt ions BREK, NLOG are  ignored, because 
AUTODIAGRAM needs t h e  coordinates  a s  they  a r e  p r in t ed  on t h e  
c ros s - r e fe rence  t a b l e  t o  f i n d  t he  proper  p lace  t o  d i sp l ay  the  
conten ts  of t he  Loop. 

and can prevent  t a b l e  overflow ( i . e . ,  can be used t o  s k i p  large 
E&U t a b l e s ,  da t a  d e f i n i t i o n s ,  e t c . ) .  

The s p l i t  op t ions  a r e  app l i cab le  f o r  any s i z e  of t he  

I f  t h e  opt ion  LOOP i s  s p e c i f i e d  toge the r  

For type UNIV the  opt ion  SKIP i s  used by t h e  inpu t  scan 
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I n  t h e  fol lowing a l l  op t ions  and t h e i r  format a r e  
descr ibed:  

CARD 1 - has the c o n t r o l  card mark FLOW$ and can have t h e  
fol lowing opt ions  : 

co i .  2-6 COL 7-72 

FLOW $ UNIT=n, LOCT=n, SKIP=n, LOOP=, BREK=n, NLOG=n, 

( n  can be any p o s i t i v e  i n t e g e r  c o n s i s t i n g  of  1 t o  3 
d i g i t s  .) 

The op t ions  can be given i n  any o rde r ,  w i t h  t h e  r e s t r i c -  
t i o n  t h a t  no blanks a r e  embedded i n s i d e  a f i e l d  and t h a t  t h e  i n t e g e r  
m u s t  be followed by ",". 
Defaul t  op t ion  is: The source inpu t  comes from t h e  card r eade r .  

Flowchart t h e  whole source deck a s  one deck 
without  modif icat ions.  For type UNIV only,  use 
l o c a t i o n  counter  zero and s t a r t  scanning wi th  
t h e  f irst  source deck card.  The s tandard  set-  
up is  changed by spec i fy ing  the  fol lowing 
opt ions:  

UNIT=n, 

LOCT=n, 

SKIP=n, 

LOOP=, 

BREK=n , 

NLOG=n, 

The source deck is t o  be read  from UNIT n. 

P lo t  only those assembly language s ta tements  which 
belong t o  l o c a t i o n  counter  n, and/or a r e  counter- 
independent ( f o r  type UNIV on ly ) .  

Skip n cards  before s t a r t  o f  scanning of t h e  source deck 
( f o r  type UNIV only) .  

Contract each DO loop and each l o g i c a l  loop t o  one 
element and d i sp lay  t h e  conten ts  o f  the loop a s  a 
h ighe r  l e v e l  subpar t .  Connect t h e  con t r ac t ed  loop 
by a s p e c i f i c  i n t e r f a c e  s i g n  w i t h  t h i s  subpa r t .  

The f lowchart  shou ld  be s p l i t  i n t o  subpa r t s  c o n s i s t i n g  
of no more than  n elements per  subpa r t ,  w i t h  i n t e r f a c e s  
t o  t h e  remainder. 

S p l i t  the f lowchart  i n  subpar t s  ( n o t  t o  be used 
f o r  PERT7). The ranges of t h e  subpa r t s  a r e  given 
on s p e c i a l  KEY con t ro l  cards ( a t  least  one) which 
w i l l  follow t h e  t i t l e  card .  

NLOG=l ,  g ive  s e p a r a t e  n e t s  f o r  each KEY c o n t r o l  
card .  
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NLOG-2, d i sp lay  one cont rac ted  n e t  (omit a l l  
s t r i n g s  given by KEY ca rds )  

NLOG=16 ,  p l o t  t h e  f lowchart  o f  t h e  whole n e t .  

These f e a t u r e s  a r e  a d d i t i v e ,  e .g . ,  NLOG=19,  gives 
t h e  f lowchart  of  t h e  whole ne t ,  a f lowchart  of t h e  cont rac ted  
n e t ,  and for each K€CY card a subnetwork. 

T h i s  op t ion  is  only v a l i d  for t he  deck fol lowing t h e  
Af te r  the f irst  deck has been p l o t t e d ,  NLOG c o n t r o l  card  se t .  

is  reset  t o  blank. 

NOTE: a .  The o rde r  of elements i n  t h e  n=declara t ion  may be 
s l i g h t l y  d i f f e r e n t  from t h e  o rde r  p r i n t e d  i n  t h e  
t o t a l  cross-reference tab le  b u t  on ly  i n s i d e  one 
l e v e l  (x=coordina tes ) .  

b .  If NLOG=2,  i s  given and ranges of KEY cards  overlap,  
t h i s  can r e s u l t  i n  unexpected connections.  

KEY c o n t r o l  card s p e c i f i c a t i o n :  

Col .  1-2 

Col. 8-12 - lower l i m i t  name (nameL) 

Col. 14-18 - upper l i m i t  name (nameu) 

- m u s t  be one. of t h e  opt ions  KK; KN, NK, NN. 

KK - s e l e c t  t he  l o g i c a l  product o f  a l l  forward connections 
w i t h  nameL and a l l  backward connections of nameU ( w i t h  
i n t e r f a c e  t o  the  remainder). 

t o  nameU. 
KN - s e l e c t  a l l  elements connected forward w i t h  nameL up 

NK - s e l e c t  a l l  elements connected backward from nameU 
up t o  namel. 

NN - s e l e c t  a l l  elements between the  l i m i t s  nameL and nameU. 

CARD 2 - Col. 1-72 any alphanumeric information for t h e  t i t l e .  

CARD 3 - i s  t h e  type and output op t ion  card.  

Col .  1-6 m u s t  be one o f  the type opt ions :  
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Col. 7-12 = blank, use the p r i n t e r  to p l o t  t h e  f lowchar t .  

= PLOT, s t o r e  the f lowchart  on a SC-4020 tape ,  
use f o r  t h e  connection l i n e s  t h e  s h o r t e s t  
d i s t a n c e  (diagonal  connect ion) .  

C U B I C ,  s t o r e  t he  f lowchart  on an  SC-4020 tape,  
draw the  connection l i n e s  i n  h o r i z o n t a l  and 
v e r t i c a l  d i r e c t i o n s .  

= 

= PRINT, p r i n t  only the  l i s t i n g s .  

Col. 13-18 = blank,  t he  source deck s tar ts  w i t h  t h e  l 'irst 
card .  

= TEXT - a l l  cards up t o  t he  d e l i m i t e r  card . 

Col. 2-6 ***** are not  p a r t  of the f lowchart ,  
b u t  w i l l  be p r in t ed  ahead of t h e  p l o t t e d  output  
as desc r ip t ion .  

NOTE: I f  TEXT i s  given, i t  is  used only f o r  f i r s t  deck o r  
subpar t  of a deck, and then rese t  t o  blank. 

SOURCE INPUT 

FORTRAN and UNIVAC assembly languages a r e  scanned f o r  
t r a n s f e r  i n s t r u c t i o n  i n  o r d e r  t o  r e s u l t  i n  a l o g i c a l  connection 
mat r ix .  PERT5, PERT7 and L O G I C  give t h i s  mat r ix  d i r e c t l y  and 
only double connections a r e  e l iminated.  

Type - FRTRA 

FORTRAN IV, FORTRAN V source decks.  For FORTRAN 
each element inc ludes  one or more s ta tements .  Each s ta tement  
which can be reached by a t r a n s f e r  i s  t h e  s t a r t i n g  poin t  of 
an element.  Every branch statement ends an element.  I n  
a d d i t i o n  every s ta tement  number, every c a l l  s ta tement  and every 
1/0 s ta tement  i s  regarded a s  a s t a r t i n g  po in t  f o r  an  element. 
Besides the  s ta tement  number, each element i s  cha rac t e r i zed  
by a s ta tement  counter ,  which i s  used by AUTODIAGRAM a s  a name 
for t h e  element. The END statement or t h e  FUNCTION o r  SUBROUTINE 
statement  of t h e  next rou t ine  i s  used a s  an END of INPUT f o r  
t h i s  deck. 

T.vDe - U N I V  

UNIVAC assembly language deck. The user  can spec i fy  
t h e  l o c a t i o n  counter  by punching LOCT=n, on t h e  d e l i m i t e r  card.  
Only those i n s t r u c t i o n s  and d i r e c t i v e s  which a r e  loca t ion  counter  
independent and/or follow the s e l e c t e d  l o c a t i o n  counter  a r e  used 
f o r  t he  f lowchart  and pr in ted  on t h e  input  l i s t .  The card  counter  
i s  incremented for a l l  cards  read.  
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An element includes one o r  more i n s t r u c t i o n s .  An 
element i s  s t a r t e d  if i t  follows a da ta  block o r  i s  reached by 
any type of t r a n s f e r .  Any type of t r a n s f e r  i n s t r u c t i o n  ends 
an  element. I n  a d d i t i o n  an  element can be s t a r t e d  i f :  

a .  It i s  not  i n  t h e  l i s t  o f  assembly i n s t r u c t i o n s  o r  
d i r e c t i v e s .  

b .  It i s  one of t h e  i n s t r u c t i o n s :  
EX, HJ, HKJ, ER, TS or t h e  d i r e c t i v e  .b**. 

( b  = BLANK) 
(The i n t e r r u p t  l o c a t i o n  f o r  ER i s  given t h e  name $SYER 
and TS t h e  name $SYTS.) 

e .  The t r a n s f e r  t o  a subrout ine i s  marked w i t h  an i n d i r e c t  
b i t  o r  followed by an index r e g i s t e r .  

I n  a l l  such cases  the "CODE" i s  marked wi th  "*". 
"DO" d e f i n i t i o n s  a r e  always taken as t r u e ,  and the  t a s k  of 
t h e  "DO" is  always accepted.  The card scan s t a r t s  a f t e r  t h e  "b ,  ' I  d e l i m i t e r  of t h e  DO d i r e c t i v e .  

PROC and FUNC d e f i n i t i o n s  a r e  skipped a s  were t h e  
MACRO'S under BCMSYS. The name of t h e  skipped d e f i n i t i o n  is  
p r i n t e d  w i t h  a message. 

I f  an i n s t r u c t i o n  o r  d i r e c t i v e  i s  i l l e g a l ,  t h i s  card 
i s  r e j e c t e d  and marked by "**I1 on t h e  p r i n t e d  code l i n e .  

AUTODIAGRAM recognizes f o u r  f lowchart  d i r e c t i v e s  t o  
modify t h e  f lowchart  r e s u l t i n g  from the  i n s t r u c t i o n  scan.  They 
a r e  t o  be given a s  comment cards w i t h  t h e  per iod  i n  column one. 

1. .b** - t r a n s f e r  l i s t .  Keep l a b e l  and/or i n s t r u c t i o n  
counter  of the next  i n s t r u c t i o n  card,  b u t  r e -  
p lace  t h e  i n s t r u c t i o n  by t h e  t r a n s f e r  l i s t  
submit ted on t h i s  c a r d ,  

2 .  .b*/ - add t h e  t r a n s f e r  list t o  the  next  i n s t r u c t i o n .  

3. .b*+n - increment the i n s t r u c t i o n  counter  by the  p o s i t i v e  

4.  . b*-n - s k i p  t h e  next n ca rds .  

i n t e g e r  given on t h i s  card .  
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While case 4 is  always honored, cases  1, 2 and 3 a r e  
used only if they  appear under t h e  proper l o c a t i o n  counter  and 
a re  ou t s ide  a PROC d e f i n i t i o n .  The END d i r e c t i v e  which i s  no t  
t he  end of a PROC o r  FUNC i s  used a s  END OF INPUT f o r  t h e  deck. 

NOTE: There m u s t  be t he  same number of PROC'definitions a s  END 
d i r e c t i v e s .  Also, AUTODIAGRAM assumes that. a l l  DO d i r e c -  
t i v e s  a r e  t r u e .  Hence, t h e  technique of using a "DO" t o  
c o n d i t i o n a l l y  invoke a "PROC" does not  produce the  same 
r e s u l t s  w i t h  AUTODIAGFAM a s  t h e  assembler does. It i s  sug- 
ges ted  t h a t  t h e  f l o w c h a r t , d i r e c t i v e  b*-1 be used where neces- 
s a r y  t o  produce the  co r rec t  f lowchar t .  

Type - PERT5 

The deck m u s t  be 
followed by Col. 2-6 ***** 
a s  an  "END" card .  

Standard PERT da ta  cards  

Type - PERT7 

NASA PERT da ta  cards 

Type - L O G I C  

t ion 

1. 

2. 

3.  

4. 

5. 

Logic is  a s p e c i a l  f e a t u r e  of  AUTODIAGRAM. It can 
be used for planning a program o r  t o  g ive  t h e  o v e r a l l  documents- 

. of a t a sk .  AUTODIAGRAM needs a s  information:  

The name of  t h e  elements. They can be up t o  5 alpha- 
numerics punched i n  Col. 1-6, they  w i l l  be r i g h t  a d j u s t e d  
by the  scan .  

The connection between these  elements.  Each name punched 
i n  the  fol lowing ( A 6 )  f i e l d s ,  means t h i s  element i s  c a l l e d  
by t h e  f i r s t  element on t h e  ca rd .  A "+" i n  f r o n t  of a 
c a l l e d  element dec lares  such an element a s  a sub rou t ine .  
The card  scan s t o  s a t  t h e  f i r s t  blank f i e l d  o r  a f t e r  
f i e l d  12 (Col. 72 P . 
Col.  2-6 ***** i s  the  "END" card  f o r  connection ma t r ix  
inpu t .  

Comment ca rds .  
Col .  1-6 - again  t h e  name of an  element. 
Col. 8-42 - t he  desc r ip t ion  f o r  t h i s  element, 

which w i l l  appear a s  comment i n s i d e  t h e  box. 

Col .  2-6 **** i s  t h e  "END" card for the  d e s c r i p t i o n  ca rds .  

NOTE: There  m u s t  be a t  l e a s t  one comment card (which may be 
a blank c a r d ) .  
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SUMMARY AND CONCLUSIONS 

AUTODIAGRAM i s  a u s e f u l  t o o l  t o  analyze and t o  plan 
system o r  a p p l i c a t i o n  programs. It can be used a t  any 
s t a g e  i n  t h e  development of the program. It i s  easy t o  use 
and t h e  resul ts  a r e  easy t o  read. On r eques t ,  loops can be 
d isp layed  i n  a h i e r a r c h i c a l  order,  o r  t h e  f lowchar t  can be 
s p l i t  t o  l i m i t  t h e  r e s u l t s  t o  a manageable s i z e .  

The p i c t u r e  o f  the  r e s u l t i n g  f lowchar t  is  independent 
of t h e  source inpu t  type,  so t h a t  i t  i s  p o s s i b l e  t o  compare 
t h e  l o g i c a l  s t r u c t u r e  o f  FORTRAN decks and UNIVAC assembly 
lmguage  programs, i f  t h c y  ~ r c  wrltte:: f e r  t h e  same tasks.  
I f  t h e  inpu t  f e a t u r e  LOGIC i s  used f o r  planning a program, 
the  f lowchart  of t h e  r e s u l t i n g  program m u s t  then l o g i c a l l y  
ag ree  w i t h  t h e  f lowchart  given by L O G I C .  By comparing t h e  
f lowchar t s  of d i f f e r e n t  versions of t h e  same r o u t i n e ,  " in s ig -  
n i f i c a n t "  a l t e r a t i o n s  which have changed t h e  l o g i c a l  s t r u c t u r e  
of t h e  deck can be found. 

The u s e  of AUTODIAGRAM saves debugging time and 
e f f o r t .  

1 0 3 2 - G I H - m j g  

!& J I C -  

G. I. Hain 
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